Background: There are few systematic evaluations regarding the sixth and seventh editions of the UICC/AJCC TNM Staging System (TNM6th, TNM7th) and Chinese 2008 Staging System (TNMc2008) for nasopharyngeal carcinoma (NPC).
space involvement including the medial and lateral pterygoid muscles had a similar prognosis to T4 (Tang et al, 2010) ; and retropharyngeal lymph node (RP-LN) metastasis, regardless of laterality, had a poorer prognosis than node-negative disease Tham et al, 2009) . Therefore, the recent seventh edition of the UICC/AJCC (TNM7th) (Edge et al, 2009 (Edge et al, , 2010 revised the criteria based on these findings. However, reverse evidence suggested that T2a patients should not be in the same prognostic group as T1 patients (Low et al, 2004) ; studies (Chua et al, 1997; Ng et al, 2007; Sun et al, 2013) revealed that RP-LN metastasis did not influence overall survival (OS) and distant metastasis-free survival (DMFS). In addition, with the enhanced locoregional control of intensity-modulated radiotherapy (IMRT), it needs a full reappraisal to see whether the prognosis of the medial and lateral pterygoid muscles involvement remains to be similar to T4. Finally, as NPC is especially prevalent in Southern China (Cao et al, 2011) , the Chinese 2008 Staging System for NPC (TNMc2008) (CCSNPC, 2013) was released by the Chinese Committee for Staging of Nasopharyngeal Carcinoma, based on the Chinese 1992 Staging System.
Although TNM7th is now internationally recommended, TNMc2008 is widely used in the most endemic area -Mainland China. This discrepancy is because scientific evidence has not satisfactorily justified the use of these criteria in cancer staging. It greatly influences treatment assessment, and comparisons and clinical cooperation between different centres. Identification of the most useful staging criteria for therapeutic decision making is warranted. Few carefully designed studies have formally compared the two editions of UICC/AJCC staging system and the Chinese 2008 staging system to determine which is most useful for therapeutic decision making. Therefore, we performed this study to comprehensively evaluate and directly compare the three NPC staging systems -TNM6th, TNM7th and TNMc2008. In addition, considering the discrepancies between TNM6th, TNM7th and TNMc2008 and proposals from studies (Hu et al, 2010; Tang et al, 2010; Lee et al, 2012; Chen et al, 2012a,b; Li et al, 2013; Sun et al, 2013) , we constructed staging models, compared them with the existing staging systems and ultimately proposed and confirmed some modifications for NPC staging system.
MATERIALS AND METHODS
Patients. The study was reviewed and approved by the Human Ethics Approval Committee at Sun Yat-sen University Cancer Center. We retrospectively reviewed the medical records of 2333 patients with newly diagnosed, biopsy-proven, non-metastatic NPC hospitalised at our centre. We classified them into three cohorts. The first one -IMRT cohort -involved 941 patients (714 men, 227 women; median age, 46 years; range, 13-84 years; histological type: I, 1; II, 35; and III, 905) II, 91; and III, 1576; IMRT, 281 (16.8%) , CRT, 1392 (83.2%) ).
All included patients had complete pretreatment evaluation including patient history, physical examination, haematology and biochemistry profiles, fiberoptic nasopharyngoscopy with biopsy, magnetic resonance imaging (MRI) of the nasopharynx and neck, chest radiography, abdominal sonography and Technetium-99m-methylene diphosphonate (Tc-99-MDP) whole-body bone scan. In addition, a total of 199 (8.5% of 2333) patients underwent 18F-fluorodeoxyglucose positron emission tomography and computed tomography (PET/CT) -132 (14.0% of 941), 67 (4.8% of 1392) and 141 (8.4% of 1673) patients in the IMRT, CRT and the third cohort, respectively. Two radiologists independently reviewed all the images based on the MRI diagnosis criteria (see Supplementary  Information) (King, 2010) and restaged all the patients according to the criteria of the three staging systems (Table 1) . Any disagreements were resolved by consensus.
All patients were treated by definitive IMRT or CRT with or without chemotherapy; the radiation techniques and chemotherapy regimens have been described previously (Ma et al, 2007; Liang et al, 2009; Chen et al, 2012b) . Considering the heterogeneous chemotherapy regimens, subgroup analysis by chemotherapy (induction chemotherapy (IC); concomitant chemotherapy (CC); IC plus CC; and CC plus adjuvant chemotherapy) was conducted in each cohort. In addition, stratified analysis by age and gender was also performed.
Patients were examined every 3-6 months during the first 3 years, with follow-up examinations every 6-12 months thereafter or until death. Patients without recent examination tests in the medical records were followed up by telephone call till June of this year. Within the median follow-up duration (from the first day of therapy) of 57 months (range, 3-124 months), 74 months (range, 2-102 months) and 74 months (range, 2-102 months) for the IMRT, CRT and the third cohort, 102 out of 941 (10.8%), 143 out of 1392 (10.3%) and 174 out of 1673 (10.4%) patients were lost to follow-up, with 200, 435 and 510 cases of treatment failure (locoregional relapse, distant metastasis or death from any cause, whichever was first; the diagnosing criteria were available in Supplementary Information), respectively.
Statistical analysis. Statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA) and R version 3.0.0 (www.r-project.org). Prognostic stratification of failure-free survival (FFS; time from the first day of therapy to the day of treatment failure) by T-classification, N-classification and clinical stage groups was evaluated using Akaike information criterion (AIC) (Akaike, 1973 ) and Harrell's concordance index (c-index) (Harrell et al, 1996) . The AIC was analysed using Cox proportional hazards regression model with other prognostic covariates, including age (continuous), gender, histological type, chemotherapy type and radiation technique. The optimum model -the simplest effective model with the smallest information loss when predicting outcomegives the lowest AIC value. Harrell's c-index was also calculated as a measure of predictive accuracy of survival outcome; a c-index of 0.5 indicates accuracy similar to random guessing, and that of 1.0 indicates 100% predictive accuracy. Actuarial FFS rates were estimated by the Kaplan-Meier method and survival curves were compared using the log-rank test. Multivariate analyses with covariates such as age and gender were used to calculate hazard ratios (HRs) by the Cox proportional hazards model. In addition, T-classification was included as a covariate in analyses of N-classification, and vice versa. Two-tailed P-values of o0.05 were considered statistically significant.
RESULTS
Comparison of the TNM6th, TNM7th and TNMc2008 staging systems. Generally speaking, the most obvious differences in T-classification among the three staging systems are the distributions of nasal cavity or oropharynx involvement, paranasal sinuses extension and medial and lateral pterygoid muscle involvement. With respect to N-classification, both TNM6th and TNM7th are graded according to the palpation-based greatest diameter of tumour-positive lymph nodes, and TNM6th disregards RP-LNs, whereas TNMc2008 is classified using MRI-determined lymph node levels and sizes, extranodal neoplastic spread (ENS) and RPLNs. In Supplementary Table 1, we have listed stage migration because of the differences among the three TNM systems for the IMRT and CRT cohorts. There were high proportions of N-classification changes (420% cases) between TNM6th or TNM7th and TNMc2008, and B10% of cases had T-classification changes across the three systems.
The ability of each TNM staging system to stratify FFS is presented in Table 2 . In the IMRT cohort, both AIC and c-index values revealed that TNM6th had superior prognostic value by T-classification (T1/T2/T3/T4), followed by TNMc2008 or TNM7th, whereas the prognostic value by N-classification (N0/N1/N2/N3) was highest for TNMc2008 followed by TNM7th and TNM6th. However, different trends were observed in the CRT cohort; TNMc2008 had superior prognostic value by both T-classification and N-classification, followed by TNM6th and then TNM7th. The results of the CRT cohort were validated in the third cohort. With regard to clinical stage group (I/II/III/IV), TNM6th had superior prognostic value in the IMRT cohort, followed by TNM7th and TNMc2008. In the CRT cohort, TNMc2008 was superior to TNM6th and TNM7th; this result was again validated in the third cohort.
In addition, we compared the prognostic value of the three staging systems in predicting FFS for the chemotherapy subgroups in each cohort. As shown in Table 3 , in the IMRT cohort, the results of the RT alone set, CC set and IC plus CC set consistently demonstrated the highest prognostic value for T-classification of TNM6th and N-classification of TNMc2008, similar to the results obtained in the whole IMRT cohort. In the CRT cohort, the results of the RT alone set, IC set and CC set demonstrated the best prognostic value for T-classification and N-classification of TNMc2008, similar to the entire CRT cohort. However, in particular, in the IC plus CC set of the CRT cohort, the prognostic value of T-classification of TNM6th, rather than TNMc2008, was superior to the other staging systems, which was quite consistent with the results of the IMRT cohort. The N-classification of Masticator space primarily consists of the muscles of mastication. Anatomically, the superficial layer of the deep cervical fascia splits to enclose the muscles of mastication to enclose this space. These muscles are the medial and lateral pterygoid, masseter and temporalis. The AIC was calculated in Cox proportional hazards regression model with age (continuous), gender, histological type and types of chemotherapy for the IMRT and CRT cohort, and also with radiation techniques for the third cohort.
TNMc2008 still had the most favourable prognostic value in the IC plus CC set of the CRT cohort. When analysed by the multiple chemotherapy subgroups, the third cohort validated the results of the CRT cohort.
In the stratums by age (p60 and 460 years old) and gender, the results of comparison were quite similar to those in the overall cohort, respectively (Table 4) .
Comparison of staging models. Given the above differences between patients treated with IMRT and CRT, and the recent recommendation of IMRT as the standard treatment by the Head and Neck Cancers of the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology (Version 2, 2013; www.nccn.org), we constructed 10 T-classification models and 4 N-classification models with the 941 patients in the IMRT Table 3 . Comparison of TNM6th, TNM7th and TNMc2008 in predicting failure-free survival in subgroups of chemotherapy The AIC was calculated in Cox proportional hazards regression model with age (continuous), gender and histological type for the IMRT and CRT cohort, and also with radiation techniques for the third cohort. However, AIC and c-Index were not calculated in the RT plus CC and adjuvant chemotherapy set because of limited number of patients (n ¼ 67 in the IMRT cohort; n ¼ 51 in the CRT cohort).
cohort. The main changes of classification criteria from the based staging systems to our staging models were as follows (Supplementary Table 2 ). For T-classification, the first model (model-Ta1) downstaged oropharynx and/or nasal cavity involvement in TNM6th to T1, and the second (model-Ta2) downstaged oropharynx and/or nasal cavity involvement in TNMc2008 to T1. The third (model-Tb) classified oropharynx, nasal cavity and parapharyngeal extension as T1 vs TNM6th. The forth (modelTc1) and fifth (model-Tc2) categorised paranasal sinus involvement as T4 vs TNM6th, and as T3 vs TNMc2008, respectively. The sixth (model-Td1) defined lateral pterygoid muscle involvement as T4 vs TNM6th, the seventh (model-Td2) defined it as T3 vs TNM6th and the eighth (model-Td3) defined it as T3 vs TNMc2008. The ninth (model-Te1) defined medial pterygoid The AIC was calculated in Cox proportional hazards regression model with histological type, types of chemotherapy and age (continuous) or gender for the IMRT and CRT cohort, and also with radiation techniques for the third cohort. muscle involvement as T4 vs TNM6th, and the last (model-Te2) defined it as T3 vs TNM6th. For N-classification, all four models were based on TNMc2008. The first (model-Na) classified positive RP-LN as stage N0, the second (model-Nb) disregarded ENS, the third (model-Nc) disregarded the size of positive cervical lymph nodes and the last (model-Nd) disregarded both ENS and cervical lymph node size.
The prognostic value of the 10 staging models for predicting FFS compared with the corresponding based TNM staging systems is presented in Table 5 . For T-classification, both AIC and c-index revealed the poorer prognostic value of model-Ta1 vs TNM6th, model-Ta2 vs TNMc2008, and model-Tb vs model-Ta1; modelTc1 was inferior to TNM6th, but model-Tc2 was superior to TNMc2008. In addition, the prognostic value of model-Td1 vs TNM6th and model-Td2 vs TNM6th was lower, but model-Td3 was superior to TNMc2008. Finally, both model-Td1 and modelTd2 were inferior to TNM6th. For N-classification, all models (model-Na, model-Nb, model-Nc and model-Nd) had a poorer prognostic value than TNMc2008, and model-Nd was inferior to both model-Nb and model-Nc.
The proposed staging criteria. The above staging models failed to lead to superior stage migrations with reference to T-classification of TNM6th and N-classification of TNMc2008, and actually revalidated the superiority of these aspects of the two TNM staging systems. We therefore proposed to combine the T-classifications of the TNM6th and N-classifications of the TNMc2008 with slight modifications (merging category T2a and T2b into T2, and category N3a and N3b into N3). (Table 1) As indicated by the smaller AIC and larger c-index values, the clinical stage groups of the proposed staging criteria had superiority for predicting FFS in patients treated with IMRT compared with those of both TNM6th and TNMc2008 (Table 5 ). This observation was generally supported by the FFS curves (P trend o0.001) and independent significance in multivariate analysis (adjusted HR 2.14, 95% CI 1.76-2.59, Po0.001), despite the nonsignificant increases in risk of failure between certain adjacent staging categories (stage I vs II: the log-rank test P ¼ 0.069; adjusted HR 3.07, 95% CI 0.91-10.34, P ¼ 0.070; Figure 1C and Table 6 ). Specifically, for T-classification and N-classification categories, the proposed staging criteria showed to be significant predictor for FFS in univariate and multivariate analyses (T-classification: the log-rank test P trend o0.001; adjusted HR 1.63, 95% CI 1.38-1.92, Po0.001; N-classification: the logrank test P trend o0.001; adjusted HR 1.72, 95% CI 1.47-2.02, Po0.001). When evaluating T-classification and N-classification as categorical variables, unfortunately, we observed no significant segregations of T1 vs T2 (P ¼ 0.063, Figure 1A ) and N1 vs N2 (P ¼ 0.089, Figure 1B ).
DISCUSSION
A recent study (Pan et al, 2013) compared TNMc2008 with TNM7th in 816 Chinese patients from a single hospital. However, only 293 (35.9%) patients underwent IMRT and there were no stratification analyses according to radiation techniques, as there was significant higher local control rate using IMRT than CRT (Lai et al, 2011) . Secondly, the most recent revision of TNM7th (Edge et al, 2010; King, 2010; Sun et al, 2013) was not applied properly, as medial and lateral pterygoid muscle involvement were not classified as T4. Moreover, unfortunately, the data set was so heterogeneous -with a wide range of treatments, in particular the types of chemotherapy -that credible conclusions were hard to draw without stratification analyses or Cox regression analyses. Lastly and most importantly, survival curves were delineated by T-or N-classification of the respective staging systems, the classification categories were compared using the log-rank test and then the superiority of a staging system was judged on the basis of significant separations of the curves. In fact, survival curves are significantly affected not only by stage classification itself, but also by prognostic factors such as the treatment approach (IMRT vs CRT (Zhang et al, 2009; Lai et al, 2011; Peng et al, 2012) , no chemotherapy vs chemotherapy and the type of chemotherapy (Baujat et al, 2006; OuYang et al, 2013) ). Therefore, it is insufficient to determine which staging system has the highest prognostic value based on survival curves in terms of T-or N-stages alone, without considering other prognoses. In contrast, in this study we enrolled a large number of MRIbased patients (n ¼ 2333), tested the staging systems in both the IMRT cohort (n ¼ 941) and CRT cohort (n ¼ 1392) and further validated the results in 1673 patients who were treated with either IMRT or CRT between 2005 and 2006 (Table 2) . Secondly, we stratified the patients in each cohort by the major types of chemotherapy to eliminate the effects of chemotherapy heterogeneity (Table 3 ). In addition, stratified analysis on the patients' characteristics, such as age and gender, was also performed (Table 4) . In essence, all staging systems are mathematical models for use in the clinic, and their ability to correctly predict patient survival must be evaluated as a whole, rather than be partially assessed based on the magnitude of segregation of each stage or category, as in previous studies Mao et al, 2009; Lee et al, 2012; Chen et al, 2012b; Pan et al, 2013; Sun et al, 2013) . Here, we scored the models according to their accuracy for predicting FFS in the same patients, and finally determined the superiority of the models -staging systems -according to AIC and c-index scores. In addition, patient characteristics, such as age and gender, were included in the calculation of AIC by Cox regression. Hence, our comparison of the staging systems is distinct to previous comparisons (Lee et al, 2012; Chen et al, 2012b; Pan et al, 2013; Sun et al, 2013) , and more accurately and fully indicates the superiority of T-classification in TNM6th for IMRT patients, T-classification in TNMc2008 for CRT patients and N-classification in TNMc2008 for all patients.
Considering previous controversial findings regarding the prognosis of certain structure features in TNM staging criteria, it is not unexpected to observe insignificant improvement of TNM7th over TNM6th or TNMc2008. Also, we further validated the results by staging models.
For the T-classification categories, previous studies (Lee et al, 2004; Liu et al, 2008; Mao et al, 2009) found no significant differences in locoregional relapse-free survival (LRFS) between oropharynx and/or nasal cavity involvement and tumours confined to the nasopharynx; however, the poorer prognostic values of model-Ta1 vs TNM6th and model-Ta2 vs TNMc2008 suggest these features should not be categorised as stage T1, which is supported by the report from Low et al (2004) . A recent study (Lee et al, 2012) even proposed downstaging of parapharyngeal extension to T1, but this recommendation was not supported by comparison of model-Ta1 with model-Tb. Another study (Tang et al, 2010) concluded that anatomic masticator space involvement including the medial and lateral pterygoid muscles should be classified as stage T4, despite the fact that anatomic masticator space involvement was a significant independent prognostic factor for OS (P ¼ 0.02), but not LRFS (P ¼ 0.05) or DMFS in the same study. Our staging models ) also failed to improve prognostic value when pterygoid muscles involvement was classified as stage T4 or T3. In addition, there are discrepancies in categorising the paranasal sinuses between the UICC/AJCC and Chinese staging systems, but no studies had compared the prognostic value of this feature with other structures involved in T4. For the first time, model-Tc1 and model-Tc2 support the classification of paranasal sinus involvement as T3. In brief, our staging models for the T-classification category present concrete evidence of the advantages of T-classification in TNM6th without the new regrouping suggestions. The following reasons may explain the nonsignificant prognostic values of our models in contrast to previous studies (Lee et al, 2004; Liu et al, 2008; Mao et al, 2009; Tang et al, 2010; Lee et al, 2012) . Firstly, there were a limited number of cases with solely oropharynx and/or nasal cavity involvement; therefore, based only on the magnitude of segregation of the survival curves by the log-rank test (Lee et al, 2004; Liu et al, 2008; Mao et al, 2009 ), significant differences were difficult to observe between these cases and those with tumours confined to the nasopharynx when both groups have such high survival rates. However, the slight differences between our models and TNM6th or TNMc2008 could be detected using the AIC and c-index values. Secondly, as IMRT provides better locoregional control than CRT (Zhang et al, 2009; Lai et al, 2011; Peng et al, 2012) , it is reasonable that categorisation of the medial and lateral pterygoid muscles and paranasal sinuses as stage T4 did not improve prognostic values. The enhanced locoregional control offered by IMRT may also explain the phenomenon that TNM6th had the best prognostic value in the IMRT cohort, whereas TNMc2008 was superior in the CRT cohort and third cohort (Table 2 ). Furthermore, it is possible that the combination of IC plus CC and RT leads to an extremely high survival rate (Hui et al, 2009) , which may explain why TNM6th, rather than TNMc2008, had superior prognostic value in the IC plus CC sets of the CRT cohort and third cohort (Table 3) . Because of the small proportion of patients (16.8%) treated with IMRT in the third cohort, its results were quite consistent with those of the CRT cohort.
For the N-classification categories, the MRI-based TNMc2008 was superior to the other systems as a whole, similar to the results of a previous study (Pan et al, 2013) . This result was not unexpected, considering that the palpation-based greatest dimension in TNM6th and TNM7th might contain subcutaneous tissues, and the fact that differences between clinicians and their characterisation of palpated tumours can result in chaotic diversity in prognostic assessment Heng et al, 1999) . Because of the uncertain prognostic value of RP-LN in previous studies (Chua et al, 1997; Lu et al, 2006; Ma et al, 2007; Ng et al, 2007; Tang et al, 2008; Tham et al, 2009; Sun et al, 2013) , we constructed the TNMc2008-based model-Na, and proved the importance of classifying positive RP-LN as N1. Secondly, because of the contradictory prognostic value of ENS in two studies Li et al, 2013 ), we constructed model-Nb, and found that ENS involvement should be classified as N2. In addition, the significance of cervical lymph node size determined by clinical palpation Heng et al, 1999) or MRI Li et al, 2013) remained unclear; therefore, we constructed model-Nc, which demonstrated that lymph node size should not be disregarded in N-classification. In addition, the significant roles of ENS and lymph node size were revalidated by the poorer prognostic value of model-Nd as compared with modelNb and model-Nc, which opposes the proposed N-classification system by Li et al (2013) . In summary, our staging models for the N-classification categories provided concrete evidence for the advantages of N-classification in TNMc2008 without the new regrouping suggestions.
Based on our comparison of TNM6th, TNM7th and TNMc2008, and the results of the staging models, we proposed to combine T-classification of TNM6th and N-classification of The T-classification was included as a covariate in analyses of the N-classification, and vice versa.
TNMc2008 (Table 1 ). The proposed staging system criteria led to a balanced clinical stage group distribution, and its clinical stage group had obviously superior prognostic value over TNM6th, TNM7th and TNMc2008 (Table 5) , although no significant separation of risk of failure was observed between stage I and II (P ¼ 0.069, Figure 1C ; P ¼ 0.070, Table 6 ).
The following limitations of this study deserve comment. Firstly, despite carefully designed step-by-step comparisons, this study was conducted on the basis of retrospective analysis of a large number of cases from a single centre; apart from 281 (16.8%) patients from the IMRT cohort, the validation (third) cohort consisted of all the same patients in the CRT cohort, instead of the other totally different population of patients. Therefore, the results of comparing the three staging systems and especially the prognostic value of the proposed staging system need to be further confirmed in a prospective multicentre clinical study. This is what we are planning at the moment. Secondly, because the RT techniques influenced the prognostic values of T-classification, and IMRT is now recommended for NPC, our proposed staging system was constructed and validated based on cases treated with IMRT; therefore, the T-classification and clinical stage groups of the proposed staging system may not be applicable to patients treated with CRT. Thirdly, there were nonsignificant segregations between certain adjacent stage categories using our proposed staging system. The small proportion of patients and low treatment failure rate in these stratums are important factors that should be considered. Also, this may be influenced by selection biases of patients. Further validations with data of patients from other centres are required. In addition, only the FFS was evaluated because of the large volume of data. But the events of FFS consist of locoregional relapse, distant metastasis or death, whichever is first. It is of excellence in reflecting the survival of patients, and commonly used as the primary end point in the recent randomised controlled trials. Finally, our proposed staging system had superior prognostic value over the three existing systems; unfortunately, it remains complicated. A simplified and superior staging system needs to be explored.
To summarise, TNM6th T-classification and TNMc2008 N-classification have superior prognostic value for patients treated with IMRT; TNMc2008 T-classification and N-classification were shown to be better than TNM6th and TNM7th for patients treated with CRT. In this study, TNM7th showed no significant improvement over TNM6th. In the IMRT era, combining TNM6th T-classification and TNMc2008 N-classification with slight modifications, we propose a new staging system: (1) T-classification: T1, nasopharynx; T2, oropharynx, nasal cavity, parapharyneal extension, medial and lateral pterygoid muscles; T3, bony structures and/or paranasal sinuses; T4, intracranial extension and/or cranial nerves, infratemporal fossa hypopharynx, orbit or masticatory space excluding medial and lateral pterygoid muscles; (2) N-classification: N0, none; N1, unilateral or bilateral retropharyngeal node(s), unilateral level Ib, II, III and Va involvement and the maximum diameter p3 cm; N2, bilateral level Ib, II, III and Va involvement or the maximum diameter 43 cm or with extranodal neoplastic spread; N3, level IV, Vb involvement; (3) stage group: I, T1N0M0; II, T1N1M0, T2N0-1M0; III, T1-2N2M0, T3N0-2M0; IVa, T1-3N3M0, T4N0-3M0; and IVb, any T any N M1. Thus, TNM classification for NPC can be unified internationally and its prognostic value improved.
